A Macintosh laryngoscope was modified to allow a rigid fibreoptic scope to be attached. Our purpose was to determine if Cormack and Lehane scores could be improved using the described fibreoptic technique, thus allowing easier intubating conditions. In order to assess its value for intubation, a study was performed on 53 patients. Thirty-three of these patients were classified to be difficult intubations (suspected or unanticipated). The Cormack and Lehane scores were improved by the use of the modified laryngoscope by one to three grades compared to the standard laryngoscopy. Significantly improved intubating condition were observed. The assessment demonstrates that many patients with Mallampati scores of III and IV can be successfully managed by this technique.
One of the anaesthetist's greatest problems is that of a difficult intubation. Airway problems account for a significant portion of perioperative morbidity and mortality 1 . Difficult direct laryngoscopy occurs in 1.5 to 8.5% of general anaesthetics and difficult intubation has a similar incidence 2 .
In this study, a new method of intubation is described. This involves the modification of an existing Macintosh laryngoscope blade and the use of a rigid 25 to 30° scope which is usually used as a knee arthroscope.
The aim of this study was to assess the usefulness of using this minimally modified Macintosh laryngoscope blade in combination with the rigid fibreoptic device, and as such, offer an alternative for managing some difficult intubations.
METHODS
Approval was sought and given by the Princess Alexandra Hospital Research Ethics Committee in February 2000 to perform a study in order to evaluate the use of this technique and equipment, as displayed on an educational video.
Informed consent was obtained from 53 patients, 43 of whom were selected on the basis of suspected, or known history of, difficult intubation.
A standard Macintosh laryngoscope blade was modified by welding a short (36 mm) hollow housing to the web of the blade (close to the heel end). This housing acts as a conduit/guide that accommodates a 25° rigid fibreoptic scope (Dyonics, Model #4125), that is connected to a fibreoptic light source. (Dyonics xenon illuminator, Model ABI II) ( Figure  1 ). The usual arthroscope allows direct vision, either by looking down through the scope or by attaching it to a camera head (Dyonics digital 3 clip video camera, Model #7208092) which gives a display on a TV monitor. A 30° scope has a video camera instead of an eye-piece and can be used to display an image on a monitor. This allows more than one operator to learn the technique, or to participate in the procedure. The scope is readily available. It is short (170 mm long), with a diameter of 4 mm, and rigid, thus the apparatus is a single unit, which is lightweight and easy to manipulate. A short mobile plastic stop placed on the shaft of the fibreoptic scope prior to its placement into the housing allows the fibreoptic scope to be left at the desired set depth.
The weight of the fibreoptic cable (the connection on the scope being directly opposite to the angle of the scope) keeps the scope angle facing anteriorly at all times. Adequate tolerance between housing and scope allows rotational capabilities of the scope at any laryngoscope position. These features add extra manipulating features (dexterity) to the unit.
Anti-fog was applied to the end of the fibreoptic scope prior to its insertion to prevent condensation from humid air in the pharynx. Direct laryngoscopy is possible in all cases, as the rigid scope does not interfere with the view.
Each patient was assessed with respect to difficulty at intubation (known or suspected) and ability to control ventilation after induction. The anaesthetist involved in each case gave a Mallampati score 3 . The reason for difficult intubation or suspected difficult intubation was noted.
The procedure consisted of a standard anaesthetic induction, test ventilation and then paralysis with a nondepolarizing agent. The anaesthetist in charge of the case determined the induction agent and muscle relaxant used. In some cases, optimal head and neck positioning was obtained (sniff position), but in others e.g., fractured cervical spine, rheumatoid arthritis or cervical spine tumour, no manipulation was sought to enhance the view of the vocal cords.
The laryngoscope was introduced to obtain the best possible view. The anaesthetist gave the Cormack and Lehane score 4 based on their best view via direct laryngoscopy. The rigid fibreoptic scope was then introduced via the housing and progressively introduced into the pharynx, until the best possible view of the vocal cords was obtained. A grading was again given on this view.
A gum elastic bougie (Eschmann) was then passed into the trachea after visualization of the vocal cords. In the case of a nasal intubation, a paediatric bougie was used. The endotracheal tube (ETT) was passed over the bougie (orally or nasally), and its placement witnessed via the fibreoptic scope.
Finally, the bougie was removed, the ETT cuff was inflated and placement confirmed by the fibreoptic scope and the presence of carbon dioxide prior to the fibreoptic scope removal. The laryngoscope was then removed.
The Wilcoxon matched-pairs signed ranks test was used to compare the Cormack and Lehane scores with and without the rigid scope.
RESULTS
Fifty-three patients were entered into the study, and all were successfully intubated under general anaesthesia. Forty-three of these patients were classified as difficult intubations prior to any attempt. These included 10 patients where there was head or neck trauma, such as fractured mandible with oedema, cervical spine fracture, infection or tumour. At direct laryngoscopy they were graded as Cormack and Lehane III or IV. The other 33 were classified as Mallampati III (28 patients) or IV (five patients). Of these there were 14 patients known to be difficult from previous experience. Table 1 shows the Cormack and Lehane grade corresponding to the Mallampati score. Two patients with a Mallampati score of 1 had a Cormack and Lehane grade of III or IV. These two patients had cervical spine pathology.
There were 33 patients with Cormack and Lehane grade of III, and four with a grade of IV. Table 2 shows the change in grade from a direct view, as gauged by an independent observer, compared with the view from the new device. As the same independent observer gave a Cormack and Lehane score both before and after use of the rigid fibreoptic scope, the influence of observer variability in determining the Cormack and Lehane score was minimized. In no case was a worsening of grade observed. Of the 33 patients with a grade III view, 21 had improved to a grade I, and 12 to grade II. Of the four patients in grade IV view, two had improved to grade II and two to grade I (P<0.01). I  II  III  IV   I  3  II  1  6  6  III  1  8  21  3  IV  1  1  2 I  II  III  IV   I  3  II  12  1  III  21  12  IV  2  2 In six patients the anaesthetist would have elected to use an awake fibreoptic intubation. Two patients with an "anterior larynx" had previous awake fibreoptic intubations. Both these patients preferred not to have another awake intubation. They were both successfully intubated under general anaesthesia. The other four patients in whom the anaesthetist suggested an awake fibreoptic intubation refused this option. They were also easily intubated with the rigid fibreoptic scope technique. This suggests that an awake fibreoptic intubation was averted in these six patients (12% of cases).
No trauma due to the direct laryngoscopy or the technique (i.e., using the rigid scope), was recorded in any patient.
DISCUSSION
The incidence of difficult laryngoscopy equating to a grade III or IV laryngoscopy has been cited at 1.5 to 8.5% 2 . Common reasons for the difficult intubation are the "anterior larynx", small mandible, fractured mandible, maxillary protrusion and short, stiff neck, which make it difficult to obtain a "sniffing the morning air" position. Patients who would otherwise have a standard intubation become difficult due to trauma, e.g., cervical fractures, mandibular fractures or infection.
When faced with a potentially difficult intubation, the anaesthetist has a number of options including, awake fibreoptic intubation, blind or fibreopticguided intubation via an LMA, blind nasal intubation, use of the Trachlite, McCoy blade or Wu scope.
A commonly used technique is awake fibreoptic intubation. In some instances, this is associated with a prolonged time for airway preparation prior to intubation. It requires extra training, expertise and the use of costly equipment. Patient acceptance may be a problem.
In our study, both patients who had had a previous awake fibreoptic intubation preferred not to have another.
Alternative approaches are the blind techniques (oral or nasal) or via the laryngeal mask airway (LMA), the intubating laryngeal mask (ILM) either blind or with a fibreoptic scope. One study reported an incidence of oesophageal intubation of 26% for ILM-guided intubation 5 . It is a blind technique unless a fibreoptic scope is used. It then suffers from the disadvantages of the equipment already discussed. Trachlite does not offer a view of the vocal cords for endotracheal intubation, and it does not allow confirmation of correct placement prior to its removal. The Wu scope and Bullard scope are costly and may not be readily available. The McCoy blade requires visualization and direct contact with the epiglottis for its use.
The advantage gained by our method is that induction can proceed as usual and there is direct visual access to the larynx.
The "anterior larynx" is the most common reason for a Cormack and Lehane grade III or IV view, making intubation more difficult. Other reasons include obesity, short neck and protruding incisors. This difficulty is due to the failure of obtaining a direct line of sight to the vocal cords. The use of the modified laryngoscope eliminates this requirement. It allows for a 25° bend in the line of sight, analogous to viewing the larynx from inside the pharynx rather than at the mouth. Although the Huffman prism can give the same angle of view, the point from which it "bends" cannot be varied. By varying the depth of insertion of the rigid scope, the point at which the line of sight bends can also be adjusted. Indeed in our series, all patients with grade III or IV laryngoscopy improved by one to three grades, and in no case was intubation found to be difficult. No grade III or IV views were obtained with this modified blade and scope.
Welding a short hollow conduit to the web only minimally modifies the Macintosh blade. This does not detract from its usual use and the anaesthetist is using familiar equipment. Hence, the modified blade could be used routinely for all cases, with the rigid scope added only for grade III or IV views. This makes the technique simple and easy to use.
Since the visual axis is provided by the rigid scope, the blade need not be fully inserted in all cases.
It can act as a spatula holding the tongue and allowing enough room for the tube to pass through the mouth and pharynx. Hence many cases of cervical spine fractures, tumours or airway sepsis, e.g. pharyngeal or submandibular abscess, can be intubated without head and neck manipulation. As the end of the rigid scope sits clear of the pharyngeal wall, the technique allows for easy visibility and clearance of blood and secretions from the airway. Should soiling of the end of the scope occur, it is a quick procedure to remove, clean and replace the scope without the need to remove the Macintosh laryngoscope blade.
The rigid scope rests by its own weight in the blade, and the light cable keeps the scope aligned in the viewing plane. Use of camera and monitor is not necessary unless teaching is required. As this equipment is easily available in most hospitals, it decreases the need for costly equipment.
There are certain caveats that have to be addressed. Patients who are unable to open their mouth sufficiently to allow a laryngoscopy blade to be inserted, or those where there is the possibility of not being able to achieve adequate mask ventilation (difficult mask ventilation), would not be deemed suitable, as anaesthetic induction would be contraindicated. The technique is contraindicated in patients with severe micrognathia, or those with an extremely small pharynx that does not allow the introduction of a laryngoscope blade.
A full stomach is not a contraindication to this technique. Rapid sequence induction can be used including cricoid pressure. As the duration of laryngoscopy and intubation is short (about one minute) the method is still suitable for these cases. Should there be a failure to intubate, one can revert to the standard failed intubation drill.
In summary, this study demonstrates that this tech-nique reliably improves the view of the larynx, can be used by a single operator, and involves minimal cost in most operating theatre environments.
